Background The aim of the present study was to compare the prognostic impact of anatomic resection (AR) versus non-anatomic resection (NAR) on patient survival after resection of a single hepatocellular carcinoma (HCC). Methods To control for confounding variable distributions, a 1-to-1 propensity score match was applied to compare the outcomes of AR and NAR. Among 710 patients with a primary, solitary HCC of <5.0 cm in diameter that was resectable by either AR or NAR from 2003 to 2007 in Japan and Korea, 355 patients underwent NAR and 355 underwent AR of at least one section with complete removal of the portal territory containing the tumor. Results Overall survival (OS) was better in the AR than NAR group (hazard ratio 1.67, 95% confidence interval 1.28-2.19, P < 0.001) while disease-free survival showed no significant difference. Significantly fewer patients in the AR than NAR group developed intrahepatic HCC recurrence and multiple intrahepatic recurrences. Patients with poorly differentiated HCC who underwent AR had improved disease-free survival and OS. Conclusions Anatomic resection decreases the risk of tumor recurrence and improves OS in patients with a primary, solitary HCC of <5.0 cm in diameter.
Introduction
Hepatocellular carcinoma (HCC) is one of the most frequently encountered malignancies in clinical practice worldwide. It is more prevalent in Asia and Africa, but rates are increasing in Western countries [1] . Advances in surgical techniques and perioperative management have transformed the resection of HCC into a relatively safe operation with a low mortality rate [2] . Liver resection is now accepted as the first-line treatment for HCC in patients with preserved hepatic resection [3, 4] . A recent retrospective study revealed that surgical resection may have a prognostic advantage over radiofrequency ablation, especially in patients with a solitary HCC [5] . However, longterm survival is still unsatisfactory because of the high recurrence rate of HCC after curative hepatectomy [6] [7] [8] . Because HCC has a high propensity to invade the intrahepatic vascular structures and spreads mainly via the closest portal veins [9, 10] , anatomic resection (AR) including systematic removal of the tumor-bearing portal territories was proposed in the 1980s as a theoretically curative surgical procedure for HCC to eradicate potential micrometastases surrounding tumors [11] . Some studies [5, [12] [13] [14] [15] have demonstrated the superiority of AR over non-anatomic resection (NAR) for HCC. However, the optimum liver resection technique in patients with liver dysfunction remains controversial, and there is no clear evidence that AR results in better long-term survival than does NAR [16] [17] [18] [19] . Most of these reported studies had limited statistical power, and no case-matched or randomized clinical trials have compared the outcomes of AR and NAR for treatment of HCC.
In 2013, a multicenter-based collaboration study in the field of liver disease was proposed by the Korean Association of Hepato-Biliary-Pancreatic Surgery (KAHBPS) and the Japanese Society of Hepato-BiliaryPancreatic Surgery (JSHBPS). In the present study, the outcomes of AR and NAR for treatment of HCC with curative intent were investigated using propensity score matching (PSM) to select patients for each group from both Japan and Korea to minimize bias arising from patient backgrounds.
Methods
We conducted a retrospective cohort study as a project of the multicenter-based collaboration study by the JSHBPS and KAHBPS. We collected the perioperative data of 1,126 and 721 patients who underwent hepatic resection from 2003 to 2007 at 63 and eight institutions that participated in the JSHBPS and KAHBPS, respectively. The inclusion criteria were curative resection of HCC, a solitary tumor with a diameter of ≤5 cm in the preoperative examination, an indocyanine green retention rate at 15 min (ICGR15) of ≤15%, and surgical resection as firstline therapy. Surgical procedures were classified according to the Brisbane 2000 nomenclature of liver resection [20] . AR was defined as complete resection of the anatomic area as identified by preceding ischemia or dye staining. Right hemihepatectomy, left hemihepatectomy, central bisectionectomy, right trisectionectomy, and left trisectionectomy were included as AR involving more than two sections. Left lateral, left medial, right anterior, and right posterior sectionectomy were included as AR involving one section. In NAR, a surgical margin of 5-10 mm from the tumor was secured unless the tumor was attached to the hepatic vein or Glissonian pedicle. The indication for surgery was based on an algorithm that included the presence/absence of ascites, serum total bilirubin concentration, and ICG test result as previously described [21, 22] . Liver surgeons in Japan and Korea performed either AR or NAR depending on the hepatic functional reserve, tumor location, and tumor size. Peripheral tumors and those with extrahepatic growth were treated by partial hepatectomy because this achieved a sufficient surgical margin. Conversely, central tumors located near the hepatic hilum or major vessels were treated by enucleation because it was too difficult to obtain an adequate margin. Therefore, NAR was not only performed for tumors at favorable locations but also for those at unfavorable locations in patients with preoperative hepatic impairment. Ultimately, the operation technique was selected by each institute in Japan and Korea. The indication criteria for AR and NAR were determined by each individual institute; therefore, a clear description of the indication criteria cannot be provided in the present report. The diagnosis of HCC was confirmed by histologic examination of resected specimens in all patients. The tumor stage was classified according to the American Joint Committee on Cancer (AJCC) International Union Against Cancer (UICC) TNM staging system [23] . This study was approved by the ethics committee of the JSHBPS as well as the Institutional Review Board of Kansai Medical University (No. H131267). This study protocol was also approved by each participating institution from Japan and Korea. All data were collected and analyzed at the Department of Surgery and Department of Mathematics of Kansai Medical University.
Follow-up
Perioperative/postoperative complications or death (i.e. those occurring within 1 month of surgery or during the same hospital admission) were recorded to assess the morbidity and mortality of the procedures.
After discharge, all patients were followed up with ultrasonography, computed tomography, or magnetic resonance imaging at least every 3 to 6 months. Various laboratory parameters were also monitored, including the serum concentrations of a-fetoprotein (AFP) and protein induced by vitamin K antagonist-II (PIVKA-II).
When recurrence of HCC was suspected based on tumor marker levels or imaging findings, tumor recurrence limited to the remnant liver was treated by transcatheter arterial chemoembolization, lipiodolization, repeat hepatectomy, or ablation therapy such as percutaneous radiofrequency therapy. Disease-free survival (DFS) was defined as the time interval between the date of the operation and the date of diagnosis of the first recurrence or last follow-up.
Propensity score analysis
To avoid confounding differences due to baseline varieties between AR and NAR, we established a propensity scorematched subset. Propensity score analysis was used to build a matched group of patients for comparison of oncological and short-term outcomes between AR and NAR. The propensity scores were generated using perioperative characteristics, including sex; age; underlying liver disease [hepatitis B surface antigen (HBsAg) and anti-hepatitis C virus antibody (HCV Ab) positivity]; preoperative serum total bilirubin concentration, alanine aminotransferase (ALT) concentration, albumin concentration, platelet count, ICGR15, Child-Pugh class, and serum a-fetoprotein concentration; and intraoperative blood loss, operating time, maximum tumor size, and microscopic vascular invasion in the portal and/or hepatic vein and/or bile duct invasion. Propensity scores were matched using a caliper AFP alpha-fetoprotein, ALT alanine aminotransferase, AR anatomic resection, HBsAg hepatitis B surface antigen, HCV Ab hepatitis C virus antibody, ICGR15 indocyanine green retention rate at 15 min, J Japan, K Korea, NAR non-anatomic resection, PIVKA-II protein induced by vitamin K absence or antagonist-II, PSM propensity score matching width of 0.25 multiplied by the standard deviation of values calculated by a logistic regression model. One patient who underwent AR was matched to one patient who underwent NAR using a greedy nearest-neighbor matching algorithm without replacement.
Statistical analysis
Continuous variables were divided into two groups according to the median value. The clinical characteristics of the two groups were compared by either the v 2 test or Fisher's exact test for categorical variables and the Wilcoxon rank sum test for continuous variables. The DFS and overall survival (OS) rates after hepatectomy were calculated by the Kaplan-Meier life table method, and the hazard ratio (HR) for OS and DFS and its 95% confidence interval (CI) were calculated using the stratified Cox model. Twenty-seven clinical variables, including AR and NAR, were evaluated by univariate analysis using the log-rank test to determine the risk factors for OS after hepatic resection. The DFS and OS rates, which were stratified according to age, hepatitis virus infection status, ICGR15, maximum tumor size, histological tumor differentiation, associated liver disease, microscopic vascular invasion in the portal vein and/or hepatic vein and/or bile duct, and staging system, were compared between the two groups.
Significant variables with a P-value of <0.05 by univariate analysis were subjected to multivariate analysis using a Cox proportional hazards regression model. Significance tests were two-tailed, and a P-value of <0.05 was considered statistically significant. Propensity score analysis and survival analysis were performed using R (version 3.3.1: 2016 and 3.1.1: 2014) with R package "Matching (version 4.9-2: 2015)" and "Survival (2.40-1: 2016)," respectively. Cox proportional hazards regression analyses were performed with a 2015 JMP software package (version 12.2.0; SAS Institute, Cary, NC, USA).
Results
Using our criteria, we identified a total number of 1,847 patients from Japan and Korea. The number of patients from Japan was 1,126 (534 in the AR group and 592 in the NAR group). The number of patients from Korea was 721 (354 in the AR group and 367 in the NAR group). Patients with insufficient data were excluded (107 patients from Japan and 475 patients from Korea), decreasing the total to 1,265 patients. Finally, 710 patients were enrolled using PSM and divided into the AR group (n = 355; Japan, 279; Korea, 76) and NAR group (n = 355; Japan, 299; Korea, 56). Table 1 summarizes the perioperative characteristics of both groups before and after PSM. There were substantial differences in background variables between the two groups before PSM. No difference was detected between the two groups with respect to sex, age, HBsAg, HCV Ab, serum total bilirubin, ALT, albumin, or ICGR15. The platelet count and Child-Pugh class differed significantly before matching. Conversely, the serum AFP and PIVKA-II concentrations were higher in the AR group. The operation time, operative blood loss, and requirement for blood transfusion were significantly lower in the NAR group. Complications attributable to surgery were noted in 111 (17.8%) patients in the NAR group and 168 (26.1%) patients in the AR group. The pathologic features of each group before PSM are listed in Table 1 . Patients in the AR group had a significantly greater maximum tumor size and higher incidence of positive microscopic vascular invasion in the portal vein and/or hepatic vein and/or bile duct. Examination of the resected nontumorous liver tissue demonstrated a significantly higher incidence of cirrhosis in the NAR group. The TNM stage differed significantly between the two groups.
Paired PSM was carried out to classify patients into the AR and NAR groups, resulting in 355 patients in each group. Operative procedures in the AR group consisted of right hemihepatectomy (n = 42), left hemihepatectomy (n = 43), central bisectionectomy (n = 6), left lateral sectionectomy (n = 103), left medial sectionectomy (n = 40), right anterior sectionectomy (n = 52), and right posterior sectionectomy (n = 70). Comparison between the two groups revealed no significant differences in preoperative background or surgical factors (Table 1) . Of the pathological factors, only the incidence of the surgical margin differed significantly between the two groups after matching.
Long-term outcomes
The median follow-up period was 67.7 months in the AR group and 66.1 months in the NAR group. Figure 1 shows a comparison of the long-term outcomes between AR and NAR in the PS-adjusted population. The OS in the AR group was significantly better than that in the NAR group (HR 1.67, 95% CI 1.28-2.19, P < 0.001), while DFS showed no significant difference (HR 1.18, 95% CI 0.97-1.44, P = 0.083).
HCC recurrence was observed in 191 (53.8%) patients in the AR group and 206 (58.0%) in the NAR group (Table 2 ).
In the stratified analyses for HCC recurrence, the number of patients with intrahepatic HCC recurrence in the AR group was significantly smaller than that in the NAR group. The number of patients with multiple intrahepatic recurrence in the AR group was also significantly smaller than that in the NAR group. With respect to treatment for intrahepatic recurrence, repeat hepatectomy or percutaneous ablation therapy as curative therapy was performed more frequently in the AR group, while transcatheter arterial chemoembolization or other palliative therapies were performed more frequently in the NAR group. The incidence of extrahepatic recurrence, the incidence of both intrahepatic and extrahepatic recurrence, and the number of patients who developed recurrence within 2 years after hepatectomy were significantly smaller in the AR than NAR group (Table 2) .
We performed several subgroup analyses of DFS and OS between the two groups (Figs 2,3) . With respect to the hepatitis viral infection status, the forest plots show that patients with HCV who underwent AR had better Data are presented as n (%) of patients AR anatomic resection, HCC hepatocellular carcinoma, NAR nonanatomic resection, TACE transarterial chemoembolization DFS and OS than those who underwent NAR. Among patients with non-B non-C HCC, the OS was significantly better in the AR than NAR group. Although the analysis of tumor size revealed no statistically significant difference in DFS or OS for patients with a tumor size of <2.9 cm between the AR and NAR groups, OS in patients with a tumor size of ≥2.9 cm was significantly better in the AR than NAR group. With respect to the histological tumor differentiation, the OS of patients with moderately differentiated HCC was significantly better in the AR than NAR group. Patients with poorly differentiated HCC who underwent AR had improved DFS and OS. With respect to associated liver disease, the DFS and OS of patients with chronic hepatitis or liver fibrosis were better in the AR than NAR group. The analysis of positive microscopic vascular invasion in the portal vein and/or hepatic vein and/or bile duct showed no similar effect of AR.
Prognostic factors related to OS rates after hepatic resection
Twenty-seven clinicopathologic variables were screened as risk factors for OS after hepatic resection using univariate analysis (Table 3 ). The following variables were not selected as prognostic factors: sex, habitual alcohol intake, serum total bilirubin concentration, ALT concentration, platelet count, prothrombin time, Child-Pugh class, operative blood loss, laparoscopic hepatectomy, morbidity, maximum tumor size, histological tumor differentiation, capsular formation, microscopic surgical margin, and associated liver disease status according to histological examination findings. The remaining 12 variables, including the surgical procedure, were significant risk factors for OS after hepatic resection. The final multivariate model identified six variables as independent prognostic factors ( Table 4 ). The multivariate analysis revealed that AR was associated with a significantly better OS rate than was NAR (HR 1.69, 95% CI 1.29-2.22, P < 0.001).
Discussion
Hepatocellular carcinoma is the fifth and seventh most commonly diagnosed cancer worldwide in men and women, respectively [24] . However, it accounts for an even higher level of cancer-related mortality because HCC is often only diagnosed at an advanced stage [25] . The incidence of HCC and performance of curative treatments such as hepatic resection in Japan and Korea appear to be among the highest worldwide [26, 27] . We believe that the present multicenter-based collaboration study of both Japan and Korea is of great clinical significance for HCC treatment. The main problem that surgeons face while operating on patients with cirrhosis is the balance between achieving a radical intervention while simultaneously preventing the development of postoperative liver failure that could ensue from removal of too much liver parenchyma. This problem is the basis of the dispute between which technique is more effective: AR, which should theoretically be a more radical procedure from an oncologic point of view, or NAR, which should reduce the risk of postoperative hepatic failure. In the present study, the patient eligibility criteria included tumor number, tumor size, and preoperative liver function. PSM analysis was applied to minimize selection bias between the groups. Tumors tended to be more advanced in the AR group in terms of size, tumor marker levels (AFP), and microscopic vascular invasion. Liver function as indicated by the platelet count and Child-Pugh class was more severely impaired in the NAR group. Moreover, the operative blood loss was greater and the operating time was longer in the AR group. The propensity scores in this study were calculated using 16 variables, most of which differed between the NAR and AR groups. These factors were determined before, during, and after the operation and could therefore potentially influence selection of the resection method. According to two recent meta-analyses, AR is associated with better DFS than is NAR because the poorer liver function reserve in patients who undergo NAR significantly affects the prognosis [28, 29] . However, the available data remain insufficient to prove the prognostic advantage of AR because of substantial heterogeneity; the clinicopathologic features of patients who underwent AR or NAR are quite different among previous studies. To overcome the issue of selection bias, several case-controlled studies using PSM have recently been reported [30] [31] [32] [33] . Cucchetti et al. [30] reported favorable outcomes of AR in PS-matched populations in terms of recurrence-free survival and OS. Shindoh et al. [31] reported that complete removal of the tumorbearing third-order portal territories decreased the risk of tumor recurrence and improved the disease-specific survival in their patients with primary, solitary HCC. However, Fig. 3 Overall survival in selected subgroup. AR anatomic resection, CI confidence interval, HBV hepatitis B virus, HCV hepatitis C virus, ICGR15 indocyanine green retention rate at 15 min, NAR non-anatomic resection, NBNC negative for hepatitis B surface antigen and hepatitis C antibody Okamura et al. [32] and Marubashi et al. [33] found no prognostic advantage of AR. Although these studies were performed in an attempt to minimize selection bias and imbalances in baseline characteristics by using PSM, major issues may lie in the lack of quality control of surgery and insufficient analysis of oncologic features.
In the current study, the clinical advantage of completion of AR was confirmed by OS without DFS. With respect to the initial pattern of HCC recurrence in the two groups, the number of patients with intrahepatic HCC recurrence in the AR group was significantly smaller than that in the NAR group. Multiple intrahepatic recurrences also occurred significantly less frequently in the AR than NAR group. In terms of treatment for intrahepatic recurrence, curative therapy was performed more frequently in the AR group. Moreover, significantly fewer patients in the AR group developed recurrence within 2 years after hepatectomy ( Table 2 ). These results suggest that AR influenced the outcomes not only by OS but also by recurrence of HCC, which did not reach a statistically significant difference. Indeed, the DFS curve in the AR group was significantly superior to that in the NAR group within 5 years after the operation (5-year DFS: AR, 47.9% vs. NAR, 41.4%; P = 0.043) (Fig. S1) . If the number of patients in both groups had been higher after propensity score matching, we suggest that the DFS would have reached a statistically significant difference. The number of patients may have affected the results; however, the exact reason is unclear.
Oncological behavior, such as tumor size and histological differentiation, as well as liver function play important roles in patients' prognosis after initial hepatectomy for treatment of HCC [6, 34, 35] . In the present study, OS among patients with larger tumors was significantly better in the AR than NAR group. With respect to histological tumor differentiation, patients with poorly differentiated HCC who underwent AR had improved DFS and OS. Conversely, patients with HCV-positive HCC who underwent AR had improved DFS and OS. Moreover, among patients with moderate liver dysfunction, the DFS and OS were better in the AR group. The prognostic significance of poorly differentiated HCC for the risk of recurrence has been previously reported [36] . Additionally, some authors have reported that the recurrence rate after resection of HCC in patients with HCV infection was higher than in those with HBV infection, and this was attributed to a higher risk of multicentric occurrence in patients with chronic hepatitis C cirrhosis [37] [38] [39] . Our analysis of positive microscopic vascular invasion in the portal vein and/or hepatic vein and/or bile duct showed no similar effect of AR. If the numbers of patients in both groups had been higher after PSM, we assume that the analysis of positive microscopic vascular invasion may have reached statistical significance.
Twelve independent risk factors for OS, including the surgical procedure, were identified using Cox proportional hazards regression analysis. The most significant prognostic advantage of AR was noted among some oncological behaviors and levels of host liver function. To the best of our knowledge, this is largest and most well-defined study exclusively conducted on patients with chronic hepatitis or cirrhosis in two East Asian countries.
In conclusion, we compared the post-hepatectomy prognosis of patients with HCC who underwent AR or NAR using combined data from Japan and Korea. Propensity score analysis successfully matched patients from each group with similar liver function and tumor characteristics. AR decreases the risk of tumor recurrence and improves OS in patients with a primary, solitary HCC of <5.0 cm in diameter.
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